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indicates that the increase of the harmonic distortion in the
laser output itself has little influence on the distortion of the
fibre output.
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Fig. 2 Second-harmonic distortion of fibre output against frequency
chirp width
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These experimental results confirm the theoretical predic-
tion that a slight emission frequency chirping associated with
a laser intensity modulation causes serious harmonic distor-
tions. In this experiment, CiJ2n of 200 MHz, which corre-
sponds to a modulation degree of 0 1 , results in S/D2 of about
36 dB, in spite of low distortion in the laser output itself. It
also indicates that the reduction of frequency chirping is effec-
tive in reducing harmonic distortions. If the O.J2n is reduced
by one decade, for example, the S/D2 will improve by about
20 dB. Therefore, this parameter is the most effective in
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Fig. 3 Second-harmonic distortion of laser diode output and fibre output
reducing the harmonic distortion compared with the other
parameters such as connecting loss, fibre bandwidth, fibre V
parameter and linewidth of the laser spectrum. The reduction
of the frequency chirp width can be attained by using, for
example, an external cavity laser structure.12
Conclusion: It has been clarified experimentally that emission
frequency chirping associated with laser intensity modulation
causes serious harmonic distortion in multimode fibre optic
analogue transmission. However, theoretical estimation indi-
cates that the harmonic distortions can be greatly reduced by
the reduction of the frequency chirping.
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PROPOSAL FOR A DIGITAL
PSEUDORANDOM NUMBER GENERATOR
Indexing term: Digital circuits
A digital hardware implementation of a linear congruential
sequence generator using shift and add techniques of multi-
plication is described. The sequence is of long period, low
serial correlation and is rectangularly distributed. The
method has certain advantages over conventional feedback
shift register techniques.
A linear congruential sequence generator which may be used
as a source of pseudorandom noise has been economically
implemented in digital hardware. A sequence of long period is
generated in which the binary numbers have a rectangular
distribution and low serial correlation. The sequence is readily
converted to an anlogue pseudonoise source by means of an
analogue-to-digital convertor. A serial binary output is also
available. As pseudorandom number generators of this type
have been widely used in software, especially in simulation
techniques, their properties are well known.1
Although pseudorandom binary sequences generated in
serial form by means of feedback shift registers have been used
extensively in digital hardware,2 unless special arrangements
are made,3 4 their outputs in parallel are a poor source of
random numbers.5 Further, when using FFT techniques,
sequence lengths of 2P — 1 rather than 2P lead to some prob-
lems. The method described here overcomes these difficulties.
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Lehmer6 proposed that sequences of pseudorandom inte-
gers could be generated recursively by
/?„+,= XRn + n (modulo m) (1)
where Rn and Rn+l are the present and next integers in the
sequence, and the multiplier X and the offset n are integer
constants. In a digital machine of word length p, it is conve-
nient to choose m to be of the form
= 2" (2)
The sequence is then of maximal length 2 provided that (i) X
(modulo 8) = 5 and (ii) m and /x are relatively prime.7
The correct choice of the multiplier X is of crucial impor-
tance in achieving overall random number quality. Also, for
simplicity in realising the algorithm in digital hardware, X is
chosen so that the multiplication may be implemented by shift
and add techniques. The 'spectral test' of Coveyou and
MacPherson8 is a most demanding test for general goodness
of random-number quality, and in particular for low serial
correlation.
Multipliers of the form
X = 2j + 2j + 2k
1)(2* + 1 (3)
where p > j > p/2 and k — 2, achieve a sequence of maximal
length 2P for fx = 1, and the 'spectral test' shows that for
certain j the sequence of integers generated by the p/2 most
significant bits can be regarded as being serially uncorrelated
in pairs.
1940/11
Fig. 1 Linear congruential sequence generator with digital-to-analogue
convenor
A block diagram showing the implementation of the algo-
rithm in digital hardware is shown in Fig. 1. The upper row of
full adder scales by (2J + 1) and the lower row by a further
(2k + 1), both modulo 2P. Fig. 2 shows a typical 4 bit slice. A
left shift of j bits is introduced in the upper full adder, and a
further left shift of k bits (shown for k = 2) is introduced in the
lower full adder. The p/2 most significant bits are applied to
the digital-to-analogue convertor.
The first j bits of the upper full adders and the first k bits of
the lower full adders are unused, so that the offset JX may be
introduced at these inputs, as shown in Fig. 1. A range of
0 < n < (2k + \){2j - 1) + {2k - 1) (4)
is possible.
During one complete period the sequence generated con-
tains all Rn, including zero, such that
0 < Rn < 2" - 1
and as each number in this interval has one appearance in
each cycle, the generator is self starting, and additional start-
up logic is not required.
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Fig. 2 Typical 4 bit slice
Since in a linear congruential sequence both the period of
the sequence and the quality of randomness increases from the
least significant to the most significant bit, the serial binary
output is taken from the most significant bit.
A 16 bit prototype generator was constructed in low-power
Schottky TTL. Choosing j = 9, k = 2 and ft = 1 with p = 16
achieves a maximal-length sequence and a potency of 5. Appli-
cation of the 'spectral test' has shown that the first 8 bits may
be regarded as being serially uncorrelated in pairs. A sequence
of period 216, rectangularly distributed on the interval
[0, 225], is generated. The serial correlation9 with a lag of 1
has been calculated to be —8-95 x 10~6. Speed of operation
of the circuit was limited by the digital-to-analogue convertor,
the digital part of the circuit operating at up to 9-4 MHz.
C. P. DOWNING 10th April 1984
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